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The effect of aging of the immune system
on vaccination responses
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With a falling birth rate and increasing life expectancy we are
experiencing dramatic demographic changes that result in an
ever aging population. Aging is accompanied by increased
susceptibility to bacterial and viral infections indicative
of a decline in immunity, termed immunesenescence.
Immunesenescence also has implications for vaccination
programmes and there is clear evidence that the decline in
adaptive immunity results in dramatically reduced vaccine
responses and vaccine longevity in older adults. This review
summarizes some of the key changes in the adaptive immune
response that change with age and suggests approaches that
could be used to try and improve vaccine responses in older
adults.

The Aging Population

UK statistics report that in the period 1984-2009 the number of
individuals aged > 65 y increased by 1.7 million and the number
of individuals aged = 85 y more than doubled to 1.4 million. It
is predicted that by 2034 23% of the population will be aged
> 65 y and 5% aged = 85 y.! Despite lengthening life expectancy
there is evidence to suggest that healthy life expectancy (HLE)
is growing more slowly than life expectancy alone. This corre-
sponds to an increase in what might be termed “unhealthy life
expectancy.”? Understanding the contribution made by a decline
in immunity with age to ill health in old age and how this can
be ameliorated, will allow us to develop interventions to optimize
immune function in older adults.

What is the Evidence that Inmune Function Declines
with Age?

There is much evidence for the decline in function of the
immune system with age, termed immunesenescence. The role
of the immune system is 3-fold: to protect the host from patho-
gens; to recognize “altered cells” such as cancers; and to do both
of these things while not reacting to self-antigens. With aging
each of these arms of the immune system is compromised. In
relation to protection from infection, the incidence of bacterial
infections such as the hospital superbugs Clostridum difficile and
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Methicillin-resistant staphylococcus aureus (MRSA) is highest in
people aged over 75 y and bacterial infections such as pneumonia
are not only more frequent in the over 65s but the patients have
much higher mortality.> Detection and elimination of tumors
is also reduced as cancer incidence increases with age for most
cancers. The immune system is also less tolerant of self and sev-
eral autoimmune conditions such as Rheumatoid arthritis have a
peak age of onset in late middle age.

Another key element of the immune system is the ability to
generate immune memory, allowing the host to produce a more
rapid and specific response to the pathogen when encountered for
a second time. This aspect of immunity is of course also the basis
of vaccinations. Vaccination is an important prophylactic mea-
sure against infections but the response to vaccination in terms of
the titer, efficacy and affinity of antibody produced has also been
shown to diminish with aging. One study in rhesus monkeys
demonstrated immunesenescence in old and very old monkeys,
for example reduced antibody response to influenza vaccination
was noted.? In another study, the role of humoral and cell-medi-
ated immunity in protection from influenza after immunization
was examined in healthy older people. It was found that the
percentages of both the young and old demonstrating protec-
tive titers (i.e., HI = 40) increased post-immunization each year,
but were consistently higher in the young compared with the old
subjects. It was also found that the risk of developing influenza
after immunization was highest among the old subjects who
demonstrated neither antibody nor cell-mediated responses.’ In a
study to assess vaccination-induced changes in the human B-cell
repertoire and pneumococcal IgM and IgA antibody at different
ages, it was found that IgA and IgM responses were significantly
impaired in the old subjects.®

Importantly, it is not only the initial antibody response to vac-
cination that has been shown to diminish with age, it has also
been shown that older people have reduced vaccination longevity.
Antibodies specific for tetanus or tick-borne encephalitis (TBE)
virus were measured in 734 adults (aged 18-93 y) and data were
evaluated in connection with the time point of the last vaccina-
tion against tetanus or TBE and age. This analysis revealed that
the time of the last vaccination as well as age had highly signifi-
cant effects on tetanus and TBE titers (p < 0.001). These results
showed a strong decline in post-vaccination antibody concentra-
tions with age, which set in at the age of 40 in the case of tetanus,
and was observed right throughout adult life in the case of TBE.

Volume 9 Issue 6

Do not distribute.

I0Science.

©2013 Landes B



SPECIAL FOCUS REVIEW

\

@ Myeloid

/ Prosene
@ /
W © ‘

Granulocytes  Monocytes Erythrocytes

{;é:}/

Megakaryocytes
Platelets

Haemopoietic
stem cell

\
@
1

progenitor

/N
© ©® @

NK cell B lymphocyte T lymphocyte

Figure 1. Blood cell generation from the pluripotent stem cell showing predi
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Figure 2. The effects of aging on T cell proliferative capacity and phenotype.
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Results thus suggest that people > 60 y of age frequently do not
have protective antibody concentrations.”

Processes Underlying Immunesenescence

As shown in Figure 1, aging results in a shift toward the myeloid
lineage with expansion of the myeloid progenitor cell population at
the expense of lymphoid progenitors. In addition from late child-
hood in humans the thymus atrophies leading to a 3% decline in
thymic output of naive T lymphocytes per year. As the periph-
eral lymphocyte pool remains constant the homeostatic balance
is maintained by expansion of the peripheral pool, resulting in an
increase in the ratio of memory to naive T cells with age.

The increase in memory T cells with age is potentially advan-
tageous as the host essentially develops a memory cell repertoire
against the pathogens encountered on a regular basis. However,
lymphocytes cannot proliferate indefinitely and lymphocyte pro-
liferative senescence is another factor contributing to immunese-
nescence, leading to re-emergence of infections that the person
was previously immune to. An example of the latter includes
Varicella zoster acquired in childhood giving chicken pox and
emerging as shingles in old age. The loss of proliferative capacity
is a result of the shortening of telomeres. Telomeres located at
the tip of chromosomes range from 4 to 12 Kb in humans and
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much more than other cells in the body. A study

from Arne Akbar’s group demonstrated substan-
tial telomere erosion and loss of replicative capacity of CD8* T
cells during aging.®

As summarized in Figure 2, in healthy individuals, the gener-
ation of new T cells progressively declines due to thymic atrophy.
This decline is compensated for by the homeostatic proliferation
of mature T cells in the periphery. Eventually, the continually
replicating mature T cells become exhausted due to telomere
shortening and take on a senescent phenotype characterized by
blunted replicative potential, contracted T-cell repertoire, loss of
CD28 co-stimulatory receptor expression, and de novo expres-
sion of stimulatory receptors such as killer-like immunoglobulin
receptors (KIR).?

It has been reported that persistent CMV infection is a major
factor in T cell immunesenescence, driving T cells toward inexo-
rable end-stage differentiation, shortening telomeres which may
eventually lead to the loss of functional CMV-specific memory
T cells in older subjects and reduced vaccination responses.'’ In
addition CMYV specific T cells dominate the peripheral pool,
with levels in excess of 10% seen in some older subjects,® lead-
ing to the immunological space being occupied by large numbers
of cells with poor proliferative capacity. The T cell receptor V3
repertoire of CMV-specific CD4 T cells like the CM V-specific
CD8 T cell population is highly restricted in both young and old
subjects. Evidence suggests that CM V-specific CD4 T cells may
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have reduced capacity to induce telomerase and that this may be
one reason for their short telomeres. It has also been suggested
that CMV-specific CD4 T cell populations are susceptible to
replicative senescence upon repeated stimulation since they have
short telomeres and have lost their ability to induce telomerase
after activation."! Thus, CMV-specific CD4 T cell expansion
limits immune responses due to high frequency, highly differen-
tiated surface phenotype, having significantly shorter telomeres,
low telomerase activity and reduced replicative capacity.

Improving Vaccination Responses

There are a number of strategies that could be tried to improve
response to vaccination in older adults. These include:

. Boosting

e Time of day of vaccine administration
. Mitigating the effects of stress

. Improved adjuvants

. Exercise

Boosting. In an in vivo study of rhesus monkeys it was shown
that antibody responses were significantly reduced to primary
immunizations in old monkeys, but by administering a second
vaccine at 1 mo, it was possible to boost antibody titers up to the
level found in young adults during their primary phase.* Currently
the annual vaccination to influenza and the Streptococcus pneu-
moniae vaccines are given only once and it would be worth inves-
tigating whether a second vaccination would improve the current
very low response to the vaccines in older adults.

Time of day of vaccine administration. One extremely cost
effective change to current vaccine practice may be to specify the
time of day of administration. Data from a recent study which
examined morning vs. afternoon influenza vaccine administra-
tion in older community-based adults showed that men, but not
women, vaccinated in the morning mounted a better peak anti-
body response to the A/Panama influenza strain. These results
indicate that hormonal and cytokine diurnal rhythms may influ-
ence the magnitude of response to some vaccines.?

Effect of stress. Several studies have compared antibody
responses to vaccination in caregivers, including parents of chil-
dren with extreme special needs and older adults caring for part-
ners with dementia or other chronic conditions. Results show
that relative to non-carers, caregivers mount a poorer antibody

response than controls to the influenza vaccine."*'* The emo-
tional stress of bereavement also has a negative impact on influ-
enza vaccine responses in older adults.”

Improved adjuvants. The TLR5 ligand flagellin is a potent
activator of a broad range of cell types involved in innate and
adaptive immunity. Flagellin administration can induce promi-
nent local and systemic immune/inflammatory responses in vivo.
The incorporation of flagellin into vaccines has been shown to
enhance the immune response in influenza vaccines and cancer
immunotherapeutic studies. Findings of a recent study on age-
associated elevation in TLR5-mediated immune responses offer
novel opportunities for flagellin-related therapeutic uses and vac-
cines.'® This may offer a potentially powerful strategy to harness
the innate immune system to address the increased susceptibil-
ity to infections and decreased response to vaccines in the aged
population.

Exercise. There have been many studies looking at the effect
of physical activity on vaccination responses, with most showing
an enhancing effect of exercise. One study from the Kohut group
asked subjects to exercise (three aerobics classes per week) for 12
weeks prior to an influenza vaccination. The data showed that
the exercise intervention gave a significant benefit with respect
to antibody titer suggesting that exercise can improve immune
responses and specifically vaccination in the aged.”

Conclusion

In conclusion, the age-related decline in immunity results not
only in increased susceptibility to infection but also reduces the
prophylactic efficacy of vaccinations. The two combined lead to
increased risk of infections and mortality in older adults. Current
research is indicating routes to improved vaccination regimes
in older adults, such as adjuvants focused upon aspects of the
immune response that remain intact, or simple interventions such
as the time of day the vaccine is given or the use of booster vac-
cinations in old subjects. Further research is, however, needed to
optimize vaccination protocols for older adults and provide the
evidence based for altered health policy in this area.
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